The remarkable power amplifier [1] of the cochlea boosts low-level and compresses high-level vibrations of the basilar membrane (BM) [2] . By contributing maximally at the characteristic frequency (CF) of each point along its length, the amplifier ensures the exquisite sensitivity, narrow frequency tuning, and enormous dynamic range of the mammalian cochlea. The motor protein prestin in the outer hair cell (OHC) lateral membrane is a prime candidate for the cochlear power amplifier [3] . The other contender for this role is the ubiquitous calcium-mediated motility of the hair cell stereocilia, which has been demonstrated in vitro and is based on fast adaptation of the mechanoelectrical transduction channels [4, 5] . Absence of prestin [6] from OHCs results in a 40-60 dB reduction in cochlear neural sensitivity [7] . Here we show that sound-evoked BM vibrations in the high-frequency region of prestin 2/2 mice cochleae are, surprisingly, as sensitive as those of their prestin +/+ siblings. The BM vibrations of prestin 2/2 mice are, however, broadly tuned to a frequency approximately a half octave below the CF of prestin +/+ mice at similar BM locations. The peak sensitivity of prestin +/+ BM tuning curves matches the neural thresholds. In contrast, prestin 2/2 BM tuning curves at their best frequency are >50 dB more sensitive than the neural responses. We propose that the absence of prestin from OHCs, and consequent reduction in stiffness of the cochlea partition, changes the passive impedance of the BM at high frequencies, including the CF. We conclude that prestin influences the cochlear partition's dynamic properties that permit transmission of its vibrations into neural excitation. Prestin is crucial for defining sharp and sensitive cochlear frequency tuning by reducing the sensitivity of the lowfrequency tail of the tuning curve, although this necessitates a cochlear amplifier to determine the narrowly tuned tip.
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Results
Here we report the first measurements of tone-evoked vibrations of the BM from the basal, high-frequency turn of the cochleae of prestin 2/2 mice, which have no prestin in the OHCs [8] , and from the same BM region in their wild-type siblings (prestin +/+ ). BM measurements were made only from mice in which we could record a compound receptor potential (cochlear microphonic, CM) from the round-window membrane ( Figure 1A ). Receptor currents from basal turn OHCs dominate round-window CM [9] . At high stimulus levels, CMs recorded from prestin +/+ and prestin 2/2 mice are similar in magnitude, as revealed by the CM magnitude-level functions in Figure 1A , a good indication that OHCs in the basal turn of the cochlea of prestin 2/2 mice are viable and perform mechanoelectrical transduction [9] . Neural thresholds (CAP audiograms) for prestin +/+ mice in response to tones over the 2-80 kHz frequency range were remarkably consistent between individuals and throughout experiments and did not exceed 50 dB soundpressure level [SPL] ( Figure 1B ). Audiograms of their prestin 2/2 littermates were less sensitive and could not be measured at the limit of the sound system (85 dB SPL) for frequencies >45 kHz, to which the basal turn of the cochlea is usually most sensitive. Threshold frequency-tuning curves recorded from the basal region of the BM in the cochleae of prestin
mice (open red symbols, Figure 1C , 62 kHz) are similar to those reported for wild-type mice elsewhere [10] . The tip of the tuning curve at the CF of the measurement location is sharply tuned with Q 10 dB = 10 6 2 (mean 6 standard deviation [SD], n = 5) (Q 10 dB = CF / bandwidth 10 dB above the tip). The total phase lag over the 10-80 kHz range is w3.5 cycles, with the greatest rate of change of phase with frequency in the region of the tuning-curve tip (solid red symbols, Figure 1C ). The tips of the BM tuning curves are very similar in form and sensitivity to those of mouse single-unit neural tuning curves [11] . Here we show close similarity between the detection thresholds of BM displacements and compound neural responses to tones at the CF of the BM tuning curves in prestin +/+ mice ( Figures 1B and 1C) . BM displacement plotted as a function of sound level for CF tones is compressive and 56.5 6 6.5 dB (mean 6 SD, n = 5) more sensitive than the linear level functions measured at frequencies in the tail of the tuning curve (10 kHz) (red curves, Figure 1E ). This difference in responsiveness reduces to w10 dB postmortem (black curves, Figures 1C  and 1E ), which is due largely to a loss in sensitivity and a quarter-octave shift to lower frequencies at the tip of the tuning curve. By contrast, BM tuning curves measured from the basal turn of the cochleae of prestin 2/2 mice are broadly tuned to best frequencies of 44.6 6 5.3 kHz (n = 8) (open blue symbols Figure 1D ), which are about a half octave below the CFs of tuning curves measured from similar BM locations in prestin +/+ mice and remain unchanged postmortem (solid black symbols, Figure 1D ). The total phase lag over the 10-70 kHz range is also w3.5 cycles (solid blue symbols, Figure 1D ). Phase data beyond 70 kHz were unobtainable in this preparation. Remarkably, BM tuning curves measured from prestin 2/2 mice are very responsive, with threshold BM displacements elicited at 31 6 7 dB SPL at the best frequency (n = 11, Figure 1D ), although BM displacement plotted as a function of SPL is linear at all frequencies (blue curves, Figure 1E ). Neural thresholds recorded from the cochleae of prestin 2/2 mice are, however, >50 dB above the sound levels required for eliciting threshold BM displacements at the best frequency ( Figures 1B  and 1D ) and >40 dB above those at the estimated CF of the BM in prestin +/+ mice (vertical dashed line, Figure 1D ).
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Discussion
We show that BM threshold curves measured from prestin 2/2 mice can be as sensitive as those of their prestin +/+ siblings when measured from similar locations on the BM, although they were broader and shifted to lower frequencies. This sensitivity has little to do with cochlear amplification, given that displacement-level functions recorded from prestin 2/2 mice are linear and do not differ from those measured postmortem. CM measurements confirm that mechanotransduction is not impaired in prestin 2/2 mice and reveal that BM displacements are detected by the OHCs and transduced into receptor currents [9] . Inner hair cells (IHCs) structure [12] and afferent synaptic transmission [9] are not impaired in prestin 2/2 mice. The greatest loss of cochlear sensitivity in prestin 2/2 mice occurs between BM vibrations and neural excitation, where it can exceed 50 dB. Treatment of the basal turn of the cochlea with salicylate, which blocks OHC electromotility and reduces axial stiffness [13] [14] [15] [16] [17] through interaction with prestin [18] , causes changes in the shape and sensitivity of the BM tuning curves [19, 20] . Only when prestin is absent from the OHC lateral membranes are the passive mechanical properties of the cochlea sufficiently changed to cause the enhanced responsiveness of the BM at lower frequencies and the mismatch to neural excitation that are seen in prestin 2/2 mice. Morphological studies [7, 12] demonstrate minimal changes in the organ of Corti structure and volume, and the effective cochlear-partition mass is unlikely to be affected by the lack of prestin. We propose, therefore, that prestin acts passively to increase the Basilar-Membrane Measurements from prestin 2/2 Miceeffective stiffness of the cochlear partition and the BM impedance at high frequencies, including the CF (for frequencies >20 kHz in Figures 1C and 1D ), shaping the tip of the tuning curve and shifting the resonance of the BM to higher frequencies. Without prestin, the passive stiffness of the cochlear partition at high frequencies is low, and the BM is broadly tuned. Through its active role as a motor protein [3] , prestin, or perhaps hair-bundle motility [4, 5] , is proposed to pump energy into the cochlear partition [1, 2] to specifically amplify and compress BM vibrations at and close to the CF to produce the sensitive, sharply tuned mechanical and electrical responses of the cochlea [2] . Neural tuning is widely accepted to reflect that of the BM [2] . The mismatch between BM and neural sensitivity observed in prestin 2/2 mice, however, provides further indication that neural tuning is not a direct consequence of BM tuning but depends on complex interaction between the various elements of the cochlear partition [21, 22] . Here we demonstrate a novel role for prestin in determining the frequency selectivity of the cochlea and the sensitivity of auditory nerve fibers. We conclude that prestin in the OHC lateral walls must strongly influence those properties of the organ of Corti that facilitate both the magnitude and the timing of the transfer of energy from the BM to the IHC stereocilia.
Experimental Procedures
Experiments were performed on prestin +/+ and prestin 2/2 mice, the F4-F8 generations of a mixed 129/SvEv and C57B6/J background. Because this background is susceptible to early-onset, age-related hearing loss, we used mice between 3 and 4 weeks of age; at this age, the loss of OHCs from the basal turn of the cochlea and the development of high-frequency hearing loss have not yet occurred [19] . Animals were anaesthetized (intra-peritoneal [i.p.]) with urethane (ethyl carbamate, 2 mg/g body weight, i.p.). At the end of the experiments, the mice were overdosed with pentobarbital sodium (150 mg/kg body weight, i.p.). Carbogen (95% O2, 5% CO2, flow rate w0.3 l/min) was provided via a head mask. Heartbeat was monitored with skin electrodes, and core temperature was maintained at 38 C. The right auditory bulla was opened with a ventrolateral approach to gain access to the round window. The pinna was removed, and the sound system was placed into the meatus w1 mm from the eardrum. The sound system, its calibration in dB SPL re 2 3 10 25 Pa, and the method of generating computer-controlled command voltages have been described [1, 10] . CM and CAP were measured with saline-filled micropipettes placed on the round window. We measured BM displacements by focusing the beam of a selfmixing, laser-diode interferometer through the round-window membrane to form a w5 mm spot on the center of the BM in the 50-65 kHz region of the cochlea as previously described [1, 10] . Experimental control, data acquisition, and data analysis were performed with programs written in TestPoint (Capital Equipment Company [CEC]). All procedures involving animals were performed in accordance with United Kingdom Home Office regulations with approval from the local ethics committee.
